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I. Flagstaff, Ariz ______...____..__....-...---- 
11. South of England __....__....____....______ 

111. Outer coast of Norway--. .-.... . . . ......-. - 
JV. Inner coast of Norway-.. ___________. . .____ 
V. Christiania, Norway __._____...___ ___..__._ 

VI. Central Sweden. - _ _  .... ~. --. ..__ __.. ..- -. 
VII. South Sweden __...._..._.__...______...... 

VIII. Eberswalde. Prussia .___..___.......____... 

favorable. For while it frequently happens a t  all times 
of ear that there is a layer of stron wmd between 1,500 
an$ 2,000 feet, with weaker wink  above and below, 
the decrease aloft is enerally small except in summer. 

met by flying as low as practicable. 
In conclusion it ma be said that the southern plains 

country is open and mostly free from mountains. Visi- 
bility, the most important meteorological element in 
flight, is generally satisfactor . On the visibilit scale, 

air, the visibilit most frequently recorded is 7. As an 

balloon at  Broken Arrow was followed with two theodolites 
to a distance of more than 50 miles, and when the balloon 
disappeared it was less than 6’ above the horizon. 

Dense fog is the most serious obstacle but interruption 
of flight by dense fog in this region is very infre uent. 

b compelling the aviator to fly around them; statistics 

this region than in some other States except perhaps in 
May and June. Low clouds ttnd rain present the most 

In winter and spring t % e least resistance will generally be 

States offer a favorab s e field for flying activities. The 

running from zero for dense P og to 9 for perfect i y clear 

example of exce 1y ent visibility it may be cited that a pilot 

Thunderstorms are a serious hanclicap ; they cause ’i c elays 

s i ow, however, that thunderstorms are less frequent in 

183&1912 

frequent unfavorable condition, and of ten necessit,ate 

XIV. Oregon grnup _.___....___...__.... ..__._._. 
S V I .  Sequoia (group of 1915) - - ___. 

I. As above _________._____...__----.-..-----. 
I. As above .................................. 

XIII. As above .__..____..____...__----. ~ _____... 
XIII. As above _._..____....__._.._.__.__._..__._ 
XIV. As above. ._.._ ___.._.__.._.__._.. ~ ______._ 
XIV. AS above __._____._.__._.. ____...___._.__._ 
XVI. As above _______._____.__.___..--.--.-.---- 
SVI. As above _____._______.__.__....-.--...-.-- 

~ _ _ _  

flying near the ground. 
The schedule of the Air Mail for t,his portion of the 

1749-1914 
1749-1829 

1830-1914 

route is so arranged as to gain the p a t e i t  benefit from 
the daily chan es of wind: northward flight in the morn- 

winds; southward flight is less frequently elayed in the 
afternoon because wind speeds are then a t  their lowest 
rates. The greatest percentage of delayed trips may be 
expected when southward trips are made in the early 
morning. 

(1) RILEY. J. A. 

2 ing is frequent B y advanced by the prevailin strong south 
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T H E  CORRELATION BETWEEN SUN-SPOT NUMBER AND TREE QROWTH 
By J. ARTHUR HARRIS 

[Department of Botany, University of Minnesota] 
ss/.S?o, 2 : 6 3 4  

There is at  present evident, in both the scient,ific and 
the popular ress, a widespread interest in the possible 
relationship getween solar act,ivitp ant1 terrestrid phe- 
nomena. 

Such interrelationships, if they exist at all, can best be 
demonstrated and their intensity measured by the deter- 
mination of the correlation between some measure of the 
sun’s activity and terrestrial variables. 

The only measure of solar uctivit,g available for a pro- 
tracted period of time is that of the sun-spot relative 

ring the possibilities of arithmetical error which has not 
been cletectecl in the checkin of the coefficients. 

Three of the fifteen values determined 
from the whole series of data are negative in sign. The 
ratios of the coefficients to these probable errors are over 
2.00 in only 8 of the 15 cases. 

TABLE I.-Correlations between IVoljer’s mean sun-spot relative 
numbers and tree-ring diameters us recorded by Dotiglass 

The coefficients shown in t 4 le accompanying table are 
enerally low. 

* numbers, The most usable measures of terrestrial phe- 
nomena which might possibly he influenced by solar vari- 
B tion are the instrumentallv determined values of teni- Series and locality Period 

perature, precipitation, barometric pressure, ancl other 
meteorological phenomena and the record of the rate of 
plant growth as embodied in the trunks of trees. 

A review of the extensive literature on the su posed 

and plant activities fads quite outside the scope of the 
present note, which has for its purpose merely the pre- 
sentation of the actual correlations hetween the annuti1 
means of the monthly observed relative sun-spot nuni- 
bers (e) as given by Wolfer ( I l l  uncl the annual ring ( r )  
measurements on trees from various parts of the world 
as ‘ven by Douglass (2) .  

gcause of the grcat variability of both sun-spot nuni- 
bers and ring diameters it, is difficult to secure a system 
of grouping either variable which niny not introduce an 
a preciable error into the end results. The coefficients 

deviations, were computed from the original sun-spot 
numbers, e, of Wolfer and the ring measurements, I’, of 
Douglass by the formula (S), 

rsr= [ Z ( S ~ )  IN-  a F ) ]  i US ur 
without groupin of either of the vrtriables. The coefi- 

relationship between solar activity nncl cliniutic P .actors 

o I correlations, and the antecedent means and standard 

cients are; there H ore, numerically absolutely correct, bar- 
1 The observed, not the smoothed, numbers were invariably used. 

Pilsen, Austria.. . . . . -. . . . ..- -. .. . . . . . . -. -. 
Southern Bavaria ___..__...._. ._.._.____._. 
Old Norway trees __..___....___.._._..---. 
Old Sweden trees __...___..______._...____. 
Windsor, Vt .________.___._._ _.__._________ 

Correlat.ion 

error rfE, 

I O .  OggfO. 053 +l. 87 

+. 174f ,071 +2.45 
-. 126f ,070 -1.79 +. 071& ,070 +l. 02 

+. 265f .085 +3.10 

There are, however, unmistakable evidences for a posi- 
hive correlation between bhe two variables. While the 
coefficients are admittmealy low, 12 of t,he 15 coefficients 
deduced for the series of data as given by Douglass are 
positmire in sign. Of t,he eight values which are over twice 

2 The Series I-XVI correapond to the tables given in the appendix to Douglass’s 
volume. The Series X V  is omitted because it falls wholly outside the period of sun- 
spot record. The Seriv I, XIII, XIV, and XVI are treated both as entities and sub 
divided for reasons indicated in the text. 
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as large as their probable errors, all but one are positive. 
The average value of the 15 coefficients (regarding signs) 
is +0.1212. Furthermore, two of the negative coeffi- 
cients (IV and XI) are based on measurements from the 
same general region and are deduced from data empha- 
sized atj far from satisfactory b Douglass himself. The 
third series which indicates a sgightly negative relation- 
ship (XIII) is noted by Douglass as havlng apparently 
been sub'ect to a profound change in environmental con- 

On the other hand it is interestin to note Chat the 

entire eriod for which sun-spot numbers are available, 
and w%ich in consequence should be expected to show 
the highest correlations, actually show some of the lowest 
coefficients available. These have been subdivided into 
two periods, with a view to determining whether the 
inferior accuracy of the sun-spot numbers in the earlier 
years might be the source of the lower correlations for 
the longer periods of time. 

Since a number of the other series cover the period 
1820-1830 to 1910-1920, these four series have been, 
broken at  the year 1830. The results a ear in the 
lower portion of the table. Series VI11 and #!IV show at 
least an apparent strengthening of the correlation due to 
the division of the materials. Improvement is not evi- 
dent in Series XI11 and XVI. 

In  stressing the smallness of these (generally positive) 
values, i t  is pro er to emphasize two points: 
(a) The corre P ations are between the sun-spot numbers 

and the growth increments of the same year. It is con- 
ceivable that there may be an anticipation or a lag in 

ditions d Uring the course of development. 

four longer series (I, XIII, XIV, XV K ) which cover the 

the biological consequences if solar activity as expressed 
in sun-s ot number can be regarded as a real cause. 

( 6 )  T!e coefficients are the raw values, uncorrected for 
the influence of secular chan e in growth rate. Correc- 
tion has not been attempte 3 because of the excessive 
labor of calculation when grouping of the data can not 
safely be attempted. Let t = time, s - sun-spot number, 
r=width of growth rin s. The corrected value should 

sun-spot numbers and tree ring dimensions for constant 
time, i. e., 

be given by the partia 7 correlation- coefficient between 

Now for data extending over a reasonably long period 
of time rat should approach 0. General botanical expe- 
rience would lead us to expect that r, will be negative 
in sign. Inspection of the formula will, therefore, suggest 
that the usual effect of correction will be to raise the 
values of the coefficients as given here. 

Taken as a whole these coefficients indicate a low 
positive correlation between sun-spot number and tree 
growth. The relationship is by no means so intimate as 
many writers imply. 
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NOTES, ABSTRACTS, AND REVIEWS 

TABLES FOR COMPUTING HARMONIC ANALYSIS 

For students in meteorology, physics, engineering, 
economics, and other branches of science who find It 
necessary to compute periodograms, Fourier series, or 
harmonic anal ses in other forms, there are now avail- 
able Dr. Leo 6. Pollak's Rechentafeln zur Harmonischen 
Analyze ( ublished by  Johann A. Barth, Leipzig). 

fully as much as do the well-known Crelle Rechenta eln 
for multiplication and division. 

The harmonic tables are in quarto form of about the 
same size and general external appearance as the Crelle 
tables. 

Twelve pages of printed German text mention the 
urposes and advantages of tables for harmonic calcu- 

rations, citing other ublications and discussing the 

comments on the accuracy and verihation of all com- 
putations. 

Six additional pages, also in German, give general and 
detailed ex lanation of the use of the tables, with cita- 
tions to t E: e literature, concluding with the detailed 
computation of five examples of single wave forms by 
mental arithmetic as well as with the aid of com uting 
machines. One example explains how a single ggher  
harmonic (fifth) may be found. 

Two of the examples show abrid ments of the com- 

values (35) is odd, and, second, when the relatively large 
number (32) is divisible by four. 

The reviewer can only remark that for a great num- 
ber of possible users the value of the table would be 
much enhanced if the text accompanying them were 

9 These tab P es will doubtless facilitate harmonic anal sis 

arrangement of the ta B les in two parts, I and 11, with 

putations: First, when the considera % le number of phase 

printed in full in the English as well as the German 

I n  problems of the harmonic analysis we must evaluate 
the amplitude of sine and cosine functions for elemental 
wave forms having observed or assigned values of the 
fuiiction at  widely varying numbers of equidistant phase 
intervals. 

Table 1 provides for every integral number of equi- 
distant intervals from 3 to 40, inclusive, for each of which 
are tabulated the values of 

The natural and the logarithmic sine and cosine of iz are 
also given and where required a reference to the page in 
Table 2 where products are to be found. 

Table 2 comprises 120 pairs (pages). Pair 6, for ex- 
ample, is headed, 

Sin 38" 34' 17!14 coe 51' 25' 42536 = 0.6234898 

The table gives, to six significant figures, the products 
of the above number by all numbers from 1 to 1000, 
tabulated in all respects similar to the well-known Crelle 
tables. 

A computer must of course become familiar with the 
requirements of the Fourier analyses and attain some 
proficiency in the use of these tables before their full 
value is realized.-0. F. Marvin. 

Two pages are obviously required. 


